Objective-An anorectal malformation (ARM) in neonates requires urgent surgery, with the type of surgery being dependent on the type of malformation (low, intermediate, or high). Distal rectal pouch and perineum (pouch-perineum) distance is reported to be useful for differentiating the type of ARM; however, the impact of an opened fistula on pouch-perineum distance is not well known. The purpose of this study was to evaluate the difference in pouch-perineum distance between neonates with a low-type ARM with and without an opened fistula.
A norectal malformation (ARM) in neonates requires urgent surgery, within 24 to 48 hours after birth, with the surgical approach based on the type of ARM (low, intermediate, and high types). [1] [2] [3] Neonates with a low-type ARM are managed using a 1-step transperineal anoplasty after birth. Conversely, almost all neonates with an intermediate-or high-type ARM are treated initially using a diverting colostomy, followed by posterior sagittal anorectoplasty.
1,2,4,5 Therefore, differentiating the type of ARM is important.
Sonography was reported to be useful to classify the type of ARM and is also recommended in the diagnostic strategy of ARM. 2, 6, 7 Previous reports showed that a cutoff distance of approximately 10 mm was used to differentiate between low and intermediate/high ARM types. [7] [8] [9] [10] [11] [12] [13] [14] Although changes in the distal rectal pouch have been reported based on the postnatal date of the examination, 11 the difference in pouch-perineum distance between neonates with an ARM with an opened fistula and those without an opened fistula has not been reported. In some cases, meconium is excreted via the fistula, which is assumed to change the pouch-perineum distance. Patients with an opened fistula usually have a low-type ARM. 15 But in these patients, if the measured pouch-perineum distance is more than 10 mm, the type of ARM may be misdiagnosed as an intermediate/high type, and surgeons may perform an incorrect treatment procedure.
The purpose of this study was to evaluate the difference in pouch-perineum distance between neonates with a low-type ARM with and without an opened fistula.
Materials and Methods

Patients
This retrospective study was approved by the ethics committee of our institution, and informed consent was waived. We reviewed the medical records at our hospital from April 2012 to August 2017 and identified 40 neonates with an ARM. Of these neonates, 27 had low-type ARM, with radiologic and surgical confirmation, and were included in this study. The classifications of the imperforate anus and location of internal fistula were based on the radiographic, physical, and surgical findings, according to the International Classification of Anorectal Anomalies. 13, 16 All neonates underwent sonography before the surgical procedure. In this study, we included cases of low-type ARM in which the pouchperineum distance was measured using a perineal approach. 9, 17, 18 Among the 27 identified, the pouchperineum distance was measured using a suprapubic approach in 3 cases, which were excluded from our analysis. Thus, our final study group included 24 neonates (14 males and 10 females). Neonates in whom meconium was excreted via the fistula prior to sonographic examination were classified as having an opened fistula; otherwise, the ARM was classified as without an opened fistula.
Imaging and Measurement of the Pouch-Perineum Distance All sonograms were obtained using a real-time scanner with a high-resolution 9-to 15-MHz linear transducer (LOGIQ 7, E9 and S8, GE Healthcare, Waukesha, WI, USA). A longitudinal scanning by perineal approach was used in all cases, as previously described by Teele et al. 18 Figure 1 shows correct placement of the linear transducer on a male neonate.
Gray scale images were obtained by 1 of 4 boardcertified diagnostic radiologists (with 10, 15, 15, and 25 years of experience, respectively). The neonates were examined in the supine position without specific preparation. The distal rectal pouch was identified by the presence of hypoechoic meconium or gas within the rectum. The distance between the distal rectal pouch and the perineum (pouch-perineum distance) was measured. Figure 2 shows a typical image obtained via the perineal approach. Care was taken not to press or indent the skin or to diminish the pouch-perineum distance. Two radiologists with 15 and 10 years of clinical experience, respectively, evaluated the sonograms taken by the perineal approach for measuring the pouch-perineum distance, in consensus, on a 1600 3 1200 picture archiving and communication systems monitor (PACS; GE Healthcare, Waukesha, WI, USA).
Statistical Analysis
Variables were expressed as the mean 6 standard deviation. The pouch-perineum distance between neonates with a low-type ARM with an opened fistula and neonates with a low-type ARM without an opened fistula were compared. In addition, sex, gestational age, and birth weight were compared between the 2 groups. The Mann-Whitney U test was used to compare the pouchperineum distance between the 2 groups. The association between the pouch-perineum distance and postnatal day of examination or birth weight was evaluated by calculating Spearman's correlation coefficient. A P value of less than .05 was considered statistically significant for all 2-tailed tests. All data were analyzed using the commercially available JMP software, version 12 (SAS Institute, Cary, NC, USA).
Results
Patients
Patient characteristics are summarized in Table 1 . The mean postnatal day of examination was 0.79 6 1.28 days Figure 2 . Sonogram obtained using a perineal approach. The image shows the pubic symphysis and distal rectal pouch, in a 0-day-old male patient.The distal rectal pouch is shown as white dotted line and perineum is shown as asterisk. The pouch-perineum distance is revealed as double heads arrow. P indicates pubic symphysis; R, distal rectal pouch; and asterisk, perineum. (range, 0-6 days); the mean weight at birth was 2794.6 6 556.8 g (range, 1200-3560 g); the mean gestational age was 38.4 6 3.0 weeks and 1.8 6 2.3 days (range, 26-41 weeks and 2-6 days). An opened fistula was identified before sonography in 8 of the 24 neonates, with no evidence of an opened fistula in the other 16 neonates.
Pouch-Perineum Distance
The mean pouch-perineum distance in all neonates with a low-type ARM was 8.3 6 2.9 mm (range, 3.3-14.0 mm). The mean pouch-perineum distance in neonates with an opened fistula was 10.6 mm 6 3.4 mm (range, 5.6-14.0 mm; Figure 3 ), compared to 7.1 6 1.7 mm (range 3.3-10.0 mm) without an opened fistula ( Figure 4) . The pouch-perineum distance was substantially greater in neonates with an opened fistula compared to those without (P 5 .02). The pouch-perineal distance in all patients without an opened fistula was less than 10 mm, and was greater than 10 mm in 63% of neonates with an opened fistula. There were no substantial differences in sex (P 5 .69), gestational age (P 5 .24), and birth weight Figure 3 . Sonogram obtained using a perineal approach. B is a schematic presentation of A. The image was taken using a perineal approach in a 6-day-old male infant with a low-type ARM with an opened anocutaneous fistula. The pouch-perineum distance is 14.0 mm (double-headed arrow). The fistula is seen as a hypoechoic linear tract (arrow). Because of the opened fistula, the distal rectal pouch is decompressed (white dotted line) and the pouch-perineum distance might be larger than that in a neonate without an opened fistula. Figure 4 . Sonogram obtained using a perineal approach. B is a schematic presentation of A. The image was taken using a perineal approach in a 1-day-old female with a low-type ARM without an opened fistula. The pouch-perineum distance is 5.7 mm (doubleheaded arrow). The fistula is seen as a hypoechoic linear tract (arrow). The distal side of the fistula was not opened during the sonographic examination but was revealed as an anovestibular type during the surgical procedure. Because of the unopened fistula, the distal rectal pouch is not decompressed (black dotted line) and is easily detected.
(P 5 .93) between neonates with a low-type ARM with an opened fistula and those with a low-type ARM without an opened fistula.
Correlation Between Pouch-Perineum Distance and Postnatal Day of Examination and Birth Weight
There was no appreciable correlation between the pouch-perineum distance and the postnatal day of examination (q 5 2.23, P 5 .26) or birth weight (q 5 .15, P 5 .47).
Discussion
The pouch-perineum distance in neonates with a lowtype ARM was substantially longer in those with an opened fistula than those without. The sonographic operator should be careful when evaluating the pouchperineum distance in neonates with a low-type ARM with an opened fistula, as an incorrect classification can lead to selection of an incorrect surgical procedure.
The type of ARM is classified on the basis of sonographic findings of the pouch-perineal distance, location of the fistula, and the relationship between the puborectalis muscle and the distal rectal pouch. 7, 9, 10, 12, 19 To our knowledge, there have been no reports on which of these factors is more appropriate to classify the type of ARM in neonates; therefore, in the presence of an opened fistula, the type of ARM is generally classified as a low-type anocutaneous or anovestibular fistula. For neonates with an opened fistula and a pouch-perineal distance greater than 10 mm, an augmented pressured colostogram can be useful for correct diagnosis. 3 Although previous studies have demonstrated the utility of sonography for classifying the type of ARM, [8] [9] [10] [11] [12] 17, 19, 20 to our knowledge, ours is the first study to have evaluated the possible effect of an opened fistula on the measured pouch-perineum distance. The longer pouch-perineum distance in neonates with the low-type ARM with an opened fistula might be due to the early passage of meconium passed through the fistula, which decompresses the distal rectal pouch, prolonging the pouch-perineum distance (Figure 3 ). Among neonates with an opened fistula, a diagnosis of an intermediate/ high-type ARM could not be confirmed with the wrong surgical procedure (colostomy) recommended on the basis of a measured pouch-perineum distance greater than 10 mm. Haber et al 9 reported a cutoff distance of 10 mm to classify the type of ARM. In their case series, 3 patients were misdiagnosed regarding the type of ARM, with all 3 having a large fistula. Considering our result of a longer pouch-perineum distance for neonates with a low-type ARM and an opened fistula, compared to those without an opened fistula, we believe that not only should the pouch-perineum distance be considered, but also the location of the fistula and the relationship between the puborectalis muscle and distal rectal pouch should be evaluated.
Although a low-type ARM with fistula can be identified by physical examination, the diagnosis of the type of ARM by physical examination alone is sometimes difficult in neonates, such as in female neonates with a rectovaginal fistula and possible passage of fecal matter through the fistula, 21 as well as in neonates with a cloacal malformation and in those with a complex anomaly. 22 Sonography is useful not only to evaluate the pouchperineum distance but also to evaluate the relationship between the puborectalis muscle and the distal rectal pouch, which is reported to be useful to classify the type of ARM. 10, 17, 19, 20 Furthermore, sonography can be also used to assess other accompanying anomalies and assist with the surgical procedure. 12 Therefore, sonography is recommended as an evaluative and diagnostic tool for neonates with an ARM.
In our study, despite our small study cohort, there was no relationship between the pouch-perineum distance and the postnatal day of examination. Of note, a previous study did report the pouch-perineum distance taken the day after birth to be shorter than the distance obtained on the day of birth. 11 This finding, however, was based on a within-subject test-retest of the pouchperineum distance on 2 different days, whereas our study was based on a between-subject comparison. In addition, we did not identify an appreciable correlation between the pouch-perineum distance and birth weight. Birth weight does influence the thickness of subcutaneous fat, 23 which may correlate with the pouch-perineum distance. However, our findings are consistent with a previous study that did not identify a correlation between the pouch-perineum distance and low birth weight among neonates with an ARM.
14 Progression of meconium with abdominal pressure after birth 11, 24 might be a more important factor than subcutaneous fat thickness for the measurement of pouch-perineum distance.
Our study has several limitations. First, we included only 24 patients with a low-type ARM, with only 8 of these patients having an opened fistula. Additional studies with larger populations will be required to confirm our preliminary findings. Second, the postnatal day of examination was not consistent in our cohort, and we did not compare within-subject differences in the pouchperineum distance obtained on different days. Further studies comparing the pouch-perineum distance on the same day in different neonates and evaluating the pouch-perineum distance in the same neonate on different days may be desirable.
Conclusion
The pouch-perineum distance in neonates with an ARM with an opened fistula was substantially longer than in those without an opened fistula. The sonographic operator should be careful when evaluating the pouchperineum distance in neonates with an opened fistula to avoid misdiagnosis, which can lead to selection of an incorrect surgical procedure.
